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Abstract 
Prethrombin-2 recombinantproduction in E. coli still facesa bottle neck due to formation of inclusion bodies. The level of gene 
transcription can be regulated by using appropriate concentration of IPTG inducer. This study was aimed to determine the effect 
of isopropyl-β-D-thiogalactopyranoside (IPTG) concentration on prethrombin-2 expression. The prethrombin-2 expression was 
induced by various concentrations of IPTG at 12oC hosted by E. coli ER2566. The result show that the suitable IPTG 
concentration for induction ofprethrombin-2 was 0.010 mM. It was indicated fromthe 63-kDa protein band obtained from the 
soluble fraction on SDS-PAGE.The higher concentrations of IPTG increased the amount of protein in the insoluble fraction due 
to the increased of expression rate. It concluded that the IPTG concentration affect the rate ofprethrombin-2 expression. 
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1.  Introduction 
Use of autologous fibrin sealant instead of stitches techniques in eye surgery has become an attention. The use of 
recombinant thrombin on autologous fibrin sealant allows the avoidance of any material transmitted diseases 
contamination1. Prothrombin, as a precursor of thrombin is a protein consisting of 579 amino acid residues, a single 
chain glycoprotein and has a relative molecular mass of 72,000. Prothrombin is synthesized in hepatocytes and is 
influenced by the presence of vitamin K. In the blood circulation, the concentration of prothrombin is approximately 
between 100 to150 mg/mL2.  
Production of prethrombin-2 recombinant in E. coli has several advantages such as high yields, relatively rapid 
expression and easy. However, there is a limitation in the production of recombinant proteins in E. coli. In the over 
expression conditions, proteins can be accumulated as insoluble fraction, so called inclusion bodies. Inclusion 
bodies formation can be caused by the partially folding of polypeptides. Inclusion bodies is a dynamic structure that 
formed by an imbalance between the aggregates and soluble proteins from E. coli. It occurs as are suil of 
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accumulation of partial folding proteins that have been expressed in the aggregates forms through non-covalent 
hydrophobic interactions, ionic interactions, or both3.  
To obtain proteins in soluble and functional form, inclusion bodies proteins usually undergo solubilisation and 
refolding process. However, these methods usually require along time. Moreover, the cost of all processes is 
relatively expensive. Because the level of gene transcription is affected by IPTG, using the suitable concentration 
IPTG is one of approaches to avoid or reduce inclusion bodies. In attempt to take advantage of flexibility on the 
promoter system, the optimal level of inducer required in the process of expression must be determined. Unlike 
lactose and other galactoside, IPTG is not metabolized by the cells. It can ensure that the level of induction remains 
constant following the addition of IPTG to the growth medium4.  
The main objective was to determine the effect of IPTG concentration on prethrombin-2 expressionin E. coli 
ER2566. The E. coli ER2566 used as expression host strain because it is a components cell that chemically can be 
used for the expression of target genes in sertedin to a vector IMPACT. ER2566 carrying the T7RNA polymerase 
gene inserted in the lacZ gene under the control of the T7 promoter. E. coli strain has lon and ompT protease 
deficiencythat can facilitate the isolation of intact recombinant protein5. 
 




The sample used in this research was pTWIN1 expression vector carrying the target gene prethrombin-2 and has 
been subcloned into E. coli TOP10F'. 
 
2.2. Isolation of recombinant plasmids pTWIN1-prethrombin-2 from E. coli TOP10F' 
 
1.5 mL of bacterial cell culture was added into the microtube. Centrifugation was performed at 15,000 g for 1 
minute. Pellets were resuspended with resuspension, lysis buffer and neutralization buffers, respectively. Silica 
column was placed on the collector tube and added with supernatant obtained from the previous step. Centrifugation 
was performed at an equal speed. Washing buffer was added into the silica column, then added with elution buffer, 
ccentrifugation was performed for 2 minutes for each step. 
 
2.2. Recombinant plasmid characterization with agarose gel electrophoresis 
 
A total of 10PL isolated plasmid DNA, 1 PL of each BamHI and XhoI restriction enzyme was inserted into the 
microtube that containing 6PL of ddH2O. A total of 2 PL cut smart buffers was added into the solution. The mixture 
was incubated at 37°C for 2 hours. Characterization of recombinant plasmids was carried out by agarose gel 
electrophoresis 1% (w/v) using a MiniSubCell (Biorad) with a voltage of 80 volts for 1-1.5 hours and using TAE 
buffer as a medium. DNA ladder 1 kb was used as a standard. 
 
2.3. Preparation of E.coli ER2566 competent cell 
 
A total of 250 PL bacterial cells were inoculated into 20 mL of liquid LB medium, then was incubated at 37°C 
with a speed of 150 rpm until the OD reached 0.2-0.4 at λ 600 nm. Centrifugation was performed at a speed of 5000 
g and 4°C, for 5 minutes. Cell pellet was resuspended with cold calcium chloride (CaCl2) 0.1M solution. The 
mixture was centrifuged for10 minutes at 5000 g at 4°C. 
 
2.4. Transformation of E. coli ER2566 
 
A total of 5 PL pTWIN1-prethrombin-2 was added to the microtube containing 50 PL competent cells, and then 
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incubated for 30 min at 4°C. Heat shock was carried out at 42°C for 90 seconds, then was immediately cooled on ice 
for 2 minutes. This mixture was added to 900 PL of liquid LB medium and was incubated at 37°C for 2h with 
agitation rate of 150 rpm. Centrifugation was performed at 15,000 g for 30 seconds. A total of 850 PL supernatant 
was removed, and the remaining of 150 PL of mixture was grown in LB medium containing 100 mg/mL of 
ampicillin, and then incubated at 37°C for16-18 hours. 
 
2.5. Prethrombin-2 gene expression with IPTG induction 
 
E. coli ER2566 carried pTWIN1-prethrombin-2 was grown in a medium containing of 20 mM IPTG inducer. 
Induction was done by using various concentrations of IPTG (0.010 mM, 0.025 mM, 0.050 mM, 0.075 mM, 0.100 
mM, 0.200 mM and 0.300 mM) with agitation rate of 150 rpm at a temperature of 12oC. Cells were harvested after 
18-20 hours of incubation. Cell debris was separated from the supernatant by centrifugation at 15,000 g speeds. 
Prethrombin-2 expression results in the supernatant and cell debris were characterized using SDS-PAGE. 
3. Results and Discussion 
3.1. Isolation of pTWIN1-prethrombin-2 recombinant plasmid from E. coli TOP10F' 
 
The pTWIN1-prethrombin-2 was purified from E. coli cloning host TOP10F' using gene aid kit. The plasmid 
isolation result was further characterized by agarose gel electrophoresis (Figure 1). 
 
3.2. Recombinant plasmid characterization with agarose gel electrophoresis 
 
The plasmid characterization was carried out by agarose gel electrophoresis. Plasmid pTWIN1-prethrombin-2 
was still in the cyclic form shown in Fig. 1, lane1. The pTWIN1-prethrombin-2 plasmid was cleavaged by XhoI 



















       Fig.1. pTWIN1-prethrombin-2 isolate plasmid characterizationby agarose gel electrophoresis. Lane 1: marker; lane 2: pTWIN1-        
prethrombin-2; lane 3: pTWIN1-ptretrombin-2/XhoI. 
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Furthermore, prethrombin-2 gene was cleavaged with XhoI and BamHI.  Characterization of this gene was 
performed by agarose gel electrophoresis and the results was shown in Figure 2. Band obtained at below 1000 bp 

















          Fig. 2. Characterization ofisolates plasmid pTWIN1-prethrombin-2withagarose gel electrophoresis. Lane 1: marker; lane 2: pTWIN1-
prethrombin-2; lane 3: pTWIN1-prethrombin-2/XhoI; lane 4: pTWIN1-prethrombin-2/XhoI/BamHI. 
 
3.3. Preparation of E. coli ER2566 competent cells 
 
E. coli ER2566 has low ability to absorb foreign DNA. The ability of cells to absorb DNA can be enhanced with 
particular treatment, so that the cells become competent5. In this research, the cells were made competent by 
treatment with CaCl2 salt. This salt makes a layer of the E. coli cell walls become brittle, making them easier to 
absorb foreign DNA. 
 
3.4. Transformation of E. coli ER2566 
 
The E. coli strain ER2566 was transformed by inserting the pTWIN1-prethrombin-2 plasmid. So that for the 
next phase the cell can produce prethrombin-2 protein. Selection of transformants in this research was conducted 
using ampicillin antibiotic resistance. The pTWIN1-prethrombin-2 plasmid carrying the gene encode enzyme which 
can degrades ampicillin, so the cells that able to absorb the plasmid will survive, while the others will be dead. The 
ER2566 which carry pTWIN1-prethrombin-2 were grown in LB medium. Colonies which can grow on selection 

























     Fig. 3.   E. coli ER2566 transformants. A: E. coli ER2566 [pTWIN1] without antibiotics; b: E. coli ER2566 [pTWIN1] with antibiotics 
ampicillin; c: E. coli ER2566 [pTWIN1-prethrombin-2] with the antibiotic ampicillin; d: E. coli ER2566 [pTWIN1-prethrombin-2] 
replicate. 
 
3.5. Prethrombin-2`gene expression`with`IPTG`induction 
 
The pTWIN1-prethrombin-2 was expressed using the T7 expression system. This system allows high-level 
expression using bacteriophageT7promoter. The T7 expression system will be activated in the presence of an 
enzyme called T7 RNA polymerase. T7RNA polymerase is not naturally encountered in bacteria, ER2566 E. coli 
strain has been designed to carry a gene that encodesT7 RNA polymerase in its DNA segment6. Induction of 
prethrombin-2 gene expression was conducted by the addition of IPTG. To determine the effect of IPTG on the gene 
expression level, in this research was used various concentrations of IPTG. Induction temperature used in the 
process of expression in this study is 12oC. At this temperature the rate of gene transcription is slow, so that the 
process of transcription and translation is balance and formation of inclusion bodies can be minimized. Protein 
expression at low temperatures can increase the stability and folding patterns, based on the fact that the non-covalent 














   Fig. 4.  E. coli ER2566 [pTWIN1-pretrmbin-2] expression characterization using SDS-PAGE.a: IPTG concentration of 0.300 mM; 
               b: 0.200 mM; c: 0.075mM.M: marker; to: before induction; t1: after induction; S: soluble fraction; IF: insoluble fraction. 
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    Fig. 5.  E. coli ER2566 [pTWIN1-pretrmbin-2] expression characterization using SDS-PAGE.d: IPTG concentration of 0.100 mM; 
               e: 0.025mM; f:0.050; g: 0,010 mM. M: marker; to: before induction; t1: after induction; S: soluble fraction; IF: insoluble fraction. 
 
 
As displayed in Figure 4 and 5, E. coli were successfully expressed prethrombin-2 using various concentrations 
of IPTG, this was indicatedby the63-kDa protein band that obtained on t1. The prethrombin-2 gene transcription 
level can be regulated by using appropriate concentration of IPTG inducer. This can increase the yield of protein 
obtained, because the level of expression has been optimized during the induction phase. In an attempt to take 
advantage of the promoter system flexibility, the optimal level of inducer required in the process of expression must 
be determined. Unlike lactose and other galactoside, IPTG is not metabolized by the cells. The purpose is to ensure 
that the level of induction remains constant following the addition of IPTG to the growth medium. This in turn can 
reduce the formation of inclusion bodies7. The suitable IPTG concentration was 0.010 mM and insoluble fractions 
were less when compared with other concentrations. As are sult of metabolic burden, high concentrations of induce 
rused in an attempt to create a full-induced promoter, is not required to obtain the maximum expression level of 
target genes. Induction of recombinan tmRNA synthesis can alter cellular processes and divert energy sources. 
Induction with high concentrations will increase the rate of transcription and decrease the rate of synthesis of 






Differences of IPTG concentration affect the prethrombin-2 gene expression rate and formation of inclusion 
bodies. Best IPTG concentration for induction of prethrombin-2 gene expression was 0.010 mM. The higher 
concentrations of IPTG would increase the amount of protein contained in the insoluble fraction due to the increased 
of gene expression rate. 
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